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Final Report NASA grant NAG2-208

This grant, begun November 1, 1982, represents continuation of the development of far infrared
instrumentation and high altitude observations which had begun almost a decade earlier. By 1982 we had
good instrumentation, but it was to be followed by another decade of further development in obtaining
higher sensitivity and high spectral resolution. The initial proposal stated that “our general program is to
detect and measure fine structure lines of ions in the ground state and molecular rotational or ro-
vibrational transitions in a variety of astronomical objects. The primary emphasis of our program is on
interstellar gas in order to understand the composition, state, and dynamics of both ionized and un-
ionized regions.” We have been very fortunate to realize such a program over the last 14 years using the
Kuiper Astronomical Observatory and several instrumental innovations and equipment upgradings. This
has allowed us to obtain a wide range of information on galaxies, on the center of our own galaxy, and on
especially interesting localized regions such as the clouds and ionized gas in Orion. Work has included
study of the wide range of conditions of interstellar gas, from highly ionized material to atomic gas, to
warm molecular gas, and to cool molecular material. It has also included a wide range of dynamics from
systematic motions about the center of our own galaxy and in other galaxies to turbulence, shock waves,
and magnetically controlled motions. We believe that this grant and the work associated with it have
been extremely rewarding.

When we began work under this grant in 1982, we were using a single sensitive semiconductor
detector and with our Fabry-Perot spectrometer measuring the spectra of individual points in various
patches of galactic gas. Soon thereafter, we were able to use a linear array of 3 detectors so that we
multiplied the amount of information by a factor of 3. This was particularly important for mapping. By
1988, a still newer version of this type of instrumentation had been built with a 5 x S array of detectors,

giving us measurements of 25 positions all at one time. In addition, this new system could use either two



or three Fabry-Perots in series, allowing a range of spectral resolutions including extremely high
resolution. These improvements very much accelerated and enhanced measurements of the type which
were important for the purposes stated above.

The productivity and results of our work in the KAO can be immediately seen from the list of
publications resulting from this work, which is attached. In addition to these publications, various
members of our team have written theses and given many talks which resulted from this work.

We have enjoyed collaborating with a number of scientists from other institutions who have used our
equipment. We have also had an excellent team of individuals working with us, including a number of
postdocs and students who have now moved on into further fruitful work, many in this general field of
research. In the latter part of the period of this grant, the work has been a collaboration between scientists
at Berkeley and those at the Max Planck Institute in Garching under the direction of Reinhard Genzel,
who began this type of work as a postdoc here at Berkeley and then became a faculty member. Many
German students have also obtained their Ph.D. degrees and written theses in connection with this work.
Table 1 lists the more important postdoctoral fellows who worked with us on this project in Berkeley, a
few who worked in Garching, and also the American students who obtained their Ph.D. degrees in
connection with research under this grant. This is a talented group of people who continue to serve the
U.S. and the world of science in important ways.

We are grateful to NASA for its support of this work, and particularly grateful to the many
individuals associated with NASA Ames who have been extremely helpful and cooperative in working
with us and in operating the Kuiper Astronomical Observatory. They have been very skillful and

effective.



Postdoctoral Fellows

Michael Crawford
Norbert Geis

Reinhard Genzel

David Jaffe
Sue Madden

Albrecht Poglitsch

Gordon Stacey
John Storey
Juergen Stutski

Students

Sara Beck
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Scientific Staff, DuPont Company

Scientific Staff, Max Planck Institute for Exterrestrial
Physics

Director of the Max Planck Institute for Exterrrestrial
Physics

Faculty, University of Texas

Scientific Staff, Southern European Observatory
Saclay, France

Scientific Staff, Max Planck Institute for Exterrestrial
Physics

Faculty, Cornell University

Faculty, University of New South Wales

Faculty, Univeristy of Cologne, Germany

Faculty, University of Tel Aviv

The Aerospace Corporation

The Aerospace Corporation

Faculty, University of Massachusetts

Faculty, University of Texas

Scientific Staff, University of California at Berkeley
Faculty, Rochester University
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